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® Endoprosthetic bone Joint devices. 

© An endoprosthetic bone joint device is secured by 
filamentary elements driven therethrough into penetrating 
engagement with bone. These elements will normally exhibit 
transverse flexibility; they preferably have elastic modulus 
similar to bone; they can be roughened or barbed for added 
securement; they can carry material of negative electroche- 
mical potential relative to other parts of the device to induce 
bone growth intimately therewith; and they can carry 
materiel otherwise beneficial to bone growth. The device 
preferably also has a radiating multi-directional flange 
formation to engage a corresponding formation cut in the 
bone. 
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ENDOPROSTHETIC BONE JOINT DEVICES 
This invention concerns end ©prosthetic bone, joint devices 
and relates more particularly to the securement of such devices 
to bone, especially, but not exclusively, to one end of a long 
bone. 

05 Various techniques for such securement have been proposed 

but those currently established in routine usage commonly involve 
the penetration into cancellous bone by elongate rigid members of 
significant size relative to the bone and as a proportion of the 
overall device. 

10 In the most common of these techniques an elongate member is 

located as a clearance fit in a pre-prepared site and is secured 
by the use of a gap-filling medium such as an acrylic cement. 
While generally satisfactory in many instances, this technique 
can be problematical if any movement occurs at either of the two 
15 interfaces which exist between the gap-filling medium on the one 
hand and the member and the bone on the other hand. Moreover, 
such movement can occur as a natural consequence of the differing 
properties which in practice inevitably occur between the materials 
of the member, the medium and the bone, particularly as bone is a 
20 living material having properties which vary in an individual- 
patient and from one. to another. This technique has been improved 
in recent years by an emphasis on site preparation involving very 
thorough cleansing followed by pressurised application of the 
gap-filling medium to enhance the penetration thereof into the 
25 bone, but difficulty can still occur. 

Another technique seeks to effect improvement by the use of 
a member having a porous coating or equivalent formation which 
affords securement not by way of a gap-filling medium but instead 
by the inward growth of natural fibrous material which ossifies 
30 within the member. This can be viewed as problematical by virtue 
of the inevitable initial period of sigificant length during 
which the device is relatively insecure and the patient must be 
at least partially immobilised. Moreover, longer term difficulty 
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can arise, by resorption- of ossified in-grown material as a result 
of differential properties between this material and that of the 
member. 

In yet another technique a member is secured by a tapered 
05 interference fit in the bone. A difficulty in this case is that 
either the fit is localised over only a part of the member such 
that movement can develop due to the forces acting on the device 
during subsequent use, or the fit is sufficiently extensive that 
the initial penetration involves a risk of undue damage to the 
10 bone. Again, differential material properties can cause 
difficulty. 

It should be understood that these comments on particular 
techniques for securement to bone are by no means exhaustive but 
are intended to provide a brief and somewhat generalised appre- 
15 ciation of the difficulties of a complex situation. However, it 
will be evident that a common cause of difficulty arises from the 
largely inevitable use of materials having different properties 
from bone, and such a difficulty is heightened in its consequences 
by use of those materials for penetration in relatively bulky 
20 form. Moreover, such penetration can be problematical in other 
ways. For example, the very nature of the penetration is such 
that any introduced infection will be deeply sited. Also, such 
penetration can require the removal of a significant volume of 
bone during site preparation and this is doubly disadvantageous 
25 in the consequent reduction of blood flow and in compromising the 
availability of remedial measures if the associated device is not 
successful. 

It should be mentioned for completeness in this general 
context that a securement technique does exist in which the above 

30 difficulties are notably less evident, but the technique is only 
commonly applicable to particular situations. The technique in 
question involves the use of relatively shallow devices having a 
relieved surface configuration, but no elongate members, for 
cooperation with a gap-filling medium in a naturally concave site 

35 such as the acetabulum of the hip joint. The same technique has 
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been applied to form an effective capping for the femoral head at 
the hip, but this appears not have been sufficiently successful 
to have induced a widespread routine usuage due, at least in 
part, to inadequacy of the resultant anchorage in surviving the 
05 forces which act thereon during subsequent usuage of the device. 

An object of the present invention is to provide a further 
technique, and devices therefor, whereby the various difficulties 
discussed above are reduced. To this end the invention centres 
in general terms on the provision of a multiplicity of filamentary 
10 elements to be driven through part of the device into bone. 

Clearly, these elements will not possess, individually or 
collectively, the relative bulk of the prior penetrating elongate 
members and this contributes to a reduction in any potentially 
disadvantageous consequences which can otherwise arise from 
15 differential material properties or loss of bone as discussed 

above. At the. same time the elements can penetrate the bone to a 
significantly greater extent than the prior relatively shallow 
relieved structures and so afford a more secure anchorage against 
the effects of the forces which occur in subsequent use of the 
20 device. Moreover, this last anchorage can be enhanced by penetra- 
tion of the elements in a variety of directions to suit an 
individual situation, whereas the penetration geometry is largely 
predetermined with the prior devices. 

The elements are intended to penetrate the cancellous material 
25 of the bone, including the trabecular structure of the medulla. 
The elements must have sufficient rigidity and other appropriate 
mechanical properties for this purpose so as to be substantially 
incompressible relative to the bone material, but the elements 
will normally exhibit some transverse flexibility to allow bending. 
30 Such bending can act to facilitate introduction of the elements, 
and mutual splaying of the elements resulting from bending will 
enhance the overall anchorage. Also, a bending capability can 
potentially accommodate changes in the surrounding bone structure 
which a bulky rigid material cannot. In this last connection 
35 also, the elements are preferably made of a material having an 
elastic modulus generally similar to that for bone. 
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The elements are intended to be in direct contact with the 
bone material without the intervention of gap-filling medium, but 
the individual contribution of any one element to the overall 
resultant anchorage can be enhanced in various ways. For example, 
05 the elements can be roughened, barbed or otherwise formed to act 
mechanically against subsequent movement relative to the bone. 
Also, the elements can be treated or formed to induce, or accom- 
modate growth of bone into intimate contact therewith. In one 
form of the invention for this purpose, the elements are employed 
10 covered with or incorporate material such as hydroxyapatite 

beneficial to bone growth as a substrate, nutrient or protection. 
Iu another such form of the invention, the elements are covered 
with or incorporate a material having negative electrochemical 
potential with respect to other parts of the device to induce 
15 natural growth towards the elements. These two forms of the 
invention can be combined if the added material gives rise to 
cathodic dissolution products beneficial to bone growth, or if 
the cathodic dissolution progressively releases, or exposes for 
release, additonal material incorporated therewith. 
20 In practice the elements can be provided with a uniform 

length equating with the maximum likely to be needed, with this 
length being shortened selectively by the surgeon as required in 
individual situations. Alternatively, a range of lengths can be 
supplied by the manufacturer. 
25 Also in practice it is appropriate to provide the elements 

with enlargments at one end for captive locking under compreasion 
between two parts of the related device with the free ends of the 
elements penetrating the bone. 

Another preferred feature of the invention is that the part 
30 of the device to be located against the bone which the elements 
penetrate should have a flanged formation projecting therefrom to 
engage a corresponding slot formation cut in the bone, these 
formations being multi-directional. More particularly, it is 
further preferred at present that this formation on the device 
35 should comprise flange portions radiating from the central region 
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of the bone-engaging part towards the periphery thereof to transfer 
shear force loads towards the bone cortex, which last can suitably 
be embraced by a peripheral annular flange portion. 

The invention as so far described is clarified, by way of 
05 example, with reference to one embodiment thereof illustrated in 
the accompanying drawings in which:- 

Figures 1 and 2 respectively illustrate one part of the 
embodiment in partially sectioned side view and inverted plan 
view, 

10 Figure 3 illustrates in cross-sectional view another such 

part, and 

Figure U illustates these two parts in use with other parts 
and the associated filamentary elements. 

The embodiment of the drawings is a femoral component for 
15 use in the hip joint as a hemiarthroplasty in replacement of the 
natural femoral head, or in that joint as part of a total arthro- 
plasty additionally involving an acetabular component replacing 
the associated natural pelvic socket in which the head articulates. 
The component part in Figure 1 is denoted 10 and comprises a 
20 plate 11 of disc form having a shaft 12 projecting coaxially from 
one side thereof. This shaft is formed with a key, spline or 
similar anti-rotation formation at 13 towards its base and is 
also externally threaded at 14 towards its free end. 

On its other side the plate has a flange formation projecting 
25 axially therefrom, this formation including a peripherally and 
concentrially located outer annular skirt 15, a centrally and 
concentrically located inner annular Bkirt 16, and a plurality of 
radially interconnecting webs 17. 

Lastly, the part 10 has a plurality of apertures 18 passing 
30 axially therethrough between the skirts and webs, each such 

aperture opening into a hemispherically countersunk recess 19 in 
the one side of the plate. 

The component part of Figure 3 is denoted 20 and comprises 
an annular body 21 which converges over its length, which length 
35 corresponds to that of shaft 12, through a curved portion 22 at 
the wider end to a terminal conical taper 23 at the narrow end. 
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The wider end of the body is of corresponding shape to plate 11 
and has a plurality of hemispherical recesses 24 corresponding in 
diameter and distribution to recesses 19. The central passageway 
of the body is formed with a keyway, spline or other formation 
at 25 towards the wider end in complementary manner to that at 13 
on the shaft 12 to engage non-rotatably thereon with the recesses 19 
and 24 superimposed, and the passageway is counterbored at 26 at • 
the narrow end of the body. 

Figure 4 illustrates remaining parts of the component. The 
parts in question comprise a nut 30 to engage the thread 14 of 
shaft 12 and seat in the counterbore 26 of body 21, a ball 40 
having a conically tapered bore 41 partway therethrough to engage 
the taper 23 of body 21, and a plurality of filamentary elements 50 
sired to pass through apertures 18 and having spherical enlarge- 
ments 51 at one end complementary with recesses 19 and 23. 

Use of the component is also shown by Figure 4. The femoral 
head of a femur indicated in partial outline at 60 is excised 
through the neck to receive component part 10 thereover. The 
flange formation of this part engages the bone, complementary 
slots having been cut in the latter to receive the webs 17 and 
the inner skirt impacting into the upper end of the medulla. 

The filamentary elements 50 are then driven through respective 
apertures 18 into the cancellous bone, the terminal enlargements 51 
seating in the recesses 19. The elements are driven in varying 
directions, suitably to follow the general trabecular pattern in 
the bone, the elements being selectively sized to avoid emergence 
through the bone cortex. 

Thereafter the component part 20 is engaged over and keyed 
with the part 10 to seat its recesses 24 over the enlargements 51, 
this sub-assembly is secured by the nut 30, and the ball 40 is 
engaged on the part 20 by interference fit between the respective 
mutually complementary tapers 41 and 23. 

The filamentary elements can number between five and thirty, 
and suitably vary between 3 and 15 cm in length and 0.25 and 2.0 mm 
> in diameter. Regarding materials: the elements are suitably of 
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surface sintered high tensile titanium wire with titanium heads 
welded thereon, the plate parts 10 and 12 are suitably of a cast 
chromium-cobalt alloy, the nut can be of similar metal to the 
plates but with a polyethylene linear to lock the same, and the 
05 ball is suitably of a ceramic. 

While the invention has just been described with more parti- 
cular reference to the illustrated embodiment, it is variable in 
different ways. 

Application is, of course, not confined to a femoral 
10 component. However this example is apt insofar as such components 
are the longest established and still most widely used in routine 
orthopaedic practice involving an endoprosthesis. In addition 
femoral components in common current usage typify the difficulties 
first discussed above. 
15 Also, the materials suitable for use with the invention can 

vary from those indicated for the embodiment and can include 
other metals, and synthetic and composite materials. Carbon 
composite material, such as carbon-reinforced carbon fibre form, 
is thought particularly suitable for the. penetrating elements 
20 because the elastic modulus can be similar to that for bone and a 
selected porosity can be provided. 

The number and distribution of the penetrating elements can 
of course be varied to suit individual circumstances. However, 
it is thought appropriate to concentrate these elements medially 
25 and laterally in relation to the femur, these locations being, 
according to current thinking and understanding, the main load 
bearing regions within the femur. Moreover, because these regions 
are considered to be respectively subject to compressive and 
tensile load forces, the elements may be correspondingly of 
30 different forms to better take account of these forces. 

The shape of the disc form plate can vary between circular 
and substantially elliptical to suit the direction of the cut 
made to excise the femoral head. In nature, apart from 
differences in overall bone size, the femoral neck has a cross- 
35 sectional shape which progresses from circular just below the 
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head to elliptical towards the greater trochanter. Thus provision 
of a range of shapes as above will be appropriate to suit variation 
of cut direction by the surgeon and some of this range can be 
associated with a shaft which is slightly inclined from an axial 
05 disposition to allow for a slightly oblique cut. However, it is 
expected that further development of the invention will determine 
optimum excision geometry whereby a requirement for undue variation 
in component geometry is avoided. 

A further alternative which may well be found to be preferable 
10 is to form the distal surface of the plate, i.e. that surface 
which is in aposition with the cut surface of the femoral head, 
as part of a sphere such that all points of contact between plate 
surface and bone are equidistant from the centre of the prosthetic 
femoral head. Furthermore the radius of the sphere will be equal 
15 to the distance between the centre of the prosthetic head and the 
plate to bone interface. By this configuration it is predicted 
that with the exception of frictional forces arising from the 
interface between the prosthetic femoral head and the acetabular 
component, all forces passing through the femoral neck will pass 
20 through the plate to bone interface perpendicular to the interface 
thus minimising or avoiding shear forces on this interface. 

It may also be advantageous to provide a range of separate 
peripheral skirt members for the proposed femoral component, such 
members being intended to clip in place. These members will 
25 serve to provide a smooth surface to abut with adjacent muscles 
and other parts of the natural capsule of the hip joint, and 
offer a choice of depth to suit the requirements of individual 
patients in this respect. 

In yet another variation, the radial flanges can be extended 
30 to penetrate the bone further and, in fact, act as the main 

anchorage for the component. In this case the flanges are, as 
noted for the filamentary elements, preferably matched to bone in 
respect of elastic modulus, and additionally formed to promote 
in-growth. Indeed, these last features can be suitably increased 
35 in effect towards the free ends of the flanges. 
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Lastly, as an indication of the powers of securement afforded 
by the presently proposed technique: a simplified form of the 
illustrated embodiment has been made without flanges and secured 
to the femoral neck of a glycerine embalmed femur with 12 filaments 
each no longer than A cm. This mock-up was tested on an Instron 
or other compression loading machine at loads of up to 1000 lb 
without evident deformation either visually or as judged by 
comparison of pre- and post-stress X-rays. 
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CLAIMS 

1. An endoprosthetic bone joint device comprising a multiplicity 
of filamentary elements drivable through part thereof Into pene- 
trating engagement with a bone to secure the part thereto. 

2. A device according to Claim 1 wherein said elements exhibit 
05 transverse flexibility. 

3. A device according to Claim 2 wherein said elements have an 
elastic modulus similar to that of bone. 

A. A device according to Claim i, 2 or 3 wherein said elements 
are roughened, barbed or otherwise formed to act against movement 
relative to bone when penetrated thereinto. 

5. A device according to any preceding claim wherein said 
elements are treated or formed to induce or accommodate growth of 
bone into intimate contact therewith. 

6. A device according to Claim 5 wherein said elements are 

15 covered with or incorporate material beneficial as a substrate, 
nutrient or protection for bone growth. 

7. A device according to Claim 5 or 6 wherein said elements are 
covered with or incorporate material having a negative electro- 
chemical potential with respect to other parts of the device. 

8. A device according to any preceding claim wherein said 
elements each have an enlargement at one end thereof captively 
lockable between two parts of the device. 

9. A device according to Claim 8 wherein one of said parts has 
a plate form portion having distributed thereover a plurality of 
transverse passageways to receive individually therethrough said 
elements and countersunk on one side of said portion to seat said 
enlargements, and the other of said parts has a surface comple- 
mentary with said one side and formed with a plurality of recesses 
in corresponding distribution to said passageways to seat indivi- 
dually said enlargements therein, said two parts being securable 
together with said passageways and recesses superposed. 
10. A device according to any preceding claim wherein the first- 
mentioned part thereof has a bone-engaging surface with a multi- 
directional flange formation projecting therefrom to engage a 

35 corresponding formation cut in bone. 
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11. A device according to Claim 10 wherein said flange formation 
comprises a plurality of flange portions radiating from a central 
region of said surface towards the periphery thereof. 

12. A device according to Claim 11 comprising a peripheral 

05 annular flange portion to embrace bone engaged by said radiating 
portions. 

13. A device according to any preceding claim wherein said 
elements number five to thirty. 

14. A device according to any preceding claim wherein said 
10 elements each have a length in the range 3 to 15 cm. 

15. A device according to any preceding claim wherein said 
elements each have a diameter in the range 0.25 to 2.0 mm. 

16. A device according to Claim 9 wherein the plate form portion 
is provided with a part spherical surface to interface with the 

15 bone. 
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Description 

This invention concerns endoprosthetic bone 
joint devices and relates more particularly to the 
securement of such devices to bone, especially, 
but not exclusively, to one end of a long bone. 

Various techniques for such securement have 
been proposed but those currently established in 
routine usage commonly involve the penetration 
into cancellous bone by elongate rigid members 
of significant size relative to the bone and as a 
proportion of the overall device. 

In the most common of these techniques an 
elongate member is located as a clearance fit in a 
pre-prepared site and is secured by the use of a 
gap-filling medium such as an acrylic cement. 
While generally satisfactory in many instances, 
this technique can be problematical if any move- 
ment occurs at either of the two interfaces which 
exist between the gap-filling medium on the one 
hand and the member and the bone on the other 
hand. Moreover, such movement can occur as a 
natural consequence of the differing properties 
which in practice inevitably occur between the 
materials of the member, the medium and the 
bone, particularly as bone is a living material 
having properties which vary in an individual 
patient and from one to another. This technique 
has been improved in recent years by an 
emphasis on site preparation involving very 
thorough cleansing followed by pressurised 
application of the gap-filling medium to enhance 
the penetration thereof into the bone, but dif- 
ficulty can still occur. 

Another technique seeks to effect improvement 
by the use of a member having a porous coating 
or equivalent formation which affords secure- 
ment not by way of a gap-filling medium but 
instead by the inward growth of natural fibrous 
material which ossifies within the member. This 
can be viewed as problematical by virtue of the 
inevitable initial period of significant length 
during which the device is relatively insecure and 
the patient must be at least partially immobilised. 
Moreover, longer term difficulty can arise by 
resorption of ossified in-grown material as a 
result of differential properties between this 
material and that of the member. 

In yet another technique a member is secured 
by a tapered interference fit in the bone. A 
difficulty in this case is that either the fit is 
localised over only a part of the member such that 
movement can develop due to the forces acting 
on the device during subsequent use, or the fit is 
sufficiently extensive that the initial penetration 
involves a risk of undue damage to the bone. 
Again, differential material properties can cause 
difficulty. 

It should be understood that these comments 
on particular techniques for securement to bone 
are by no means exhaustive but are intended to 
provide a brief and somewhat generalised 
appreciation of the difficulties of a complex 
situation. However, it will be evident that a 
common cause of difficulty arises from the largely 



inevitable use of materials having different 
properties from bone, and such a difficulty is 
heightened in its consequences by use of those 
materials for penetration in relatively bulky form. 

5 Moreover, such penetration can be problematical 
in other ways. For example, the very nature of the 
penetration is such that any introduced infection 
will be deeply sited. Also, such penetration can 
require the removal of a significant volume of 

to bone during site preparation and this is doubly 
disadvantageous in the consequent reduction of 
blood flow and in compromising the availability 
of remedial measures if the associated device is 
not successful. 

'5 It is also known from DE — B — 1164019 to use 
several elongate pins in place of the single 
elongate member to secure the femoral portion of 
a hip joint prosthesis to the femur. 
It should be mentioned for completeness in this 

20 general context that a securement technique does 
exist in which the above difficulties are notably 
less evident, but the technique is only commonly 
applicable to particular situations. The technique 
in question involves the use of relatively shallow 

25 devices having a relieved surface configuration, 
but no elongate members, for cooperation with a 
gap-filling medium in a naturally concave site 
such as the acetabulum of the hip joint The same 
technique has been applied to form an effective 

30 capping for the femoral head at the hip, but this 
appears not have been sufficiently successful to 
have induced a widespread routine usage due, at 
least in part, to inadequacy of the resultant 
anchorage in surviving the forces which act 

35 thereon during subsequent usage of the device. 
An object of the present invention is to provide 
a further technique, and devices therefor, 
whereby the various difficulties discussed above 
are reduced. To this end the invention centres in 

40 general terms on the provision of a multiplicity of 
filamentary elements to be driven through part of 
the device into bone. 

Clearly, these elements will not possess, indi- 
vidually or collectively, the relative bulk of the 

45 prior penetrating elongate members and this 
contributes to a reduction in any potentially 
disadvantageous consequences which can 
otherwise arise from differential material proper- 
ties or loss of bone as discussed above. At the 

so same time the elements can penetrate the bone to 
a significantly greater extent than the prior 
relatively shallow relieved structures and so 
afford a more secure anchorage against the 
effects of the forces which occur in subsequent 

55 use of the device. Moreover, this last anchorage 
can be enhanced by penetration of the elements 
in a variety of directions to suit an individual 
situation, whereas the penetration geometry is 
largely predetermined with the prior devices. 

so The elements are intended to penetrate the 
cancellous material of the bone, including the 
trabecular structure of the medulla. The elements 
must have sufficient rigidity and other appro- 
priate mechanical properties for this purpose so 

65 as to be substantially incompressible relative to 
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the bone material, but the elements will normally 
exhibit some transverse flexibility to allow 
bending. Such bending can act to facilitate intro- 
duction of the elements, and mutual splaying of 
the elements resulting from bending will enhance 
the overall anchorage. Also, a bending capability 
can potentially accommodate changes in the 
surrounding bone structure which a bulky rigid 
material cannot. In this last connection also, the 
elements are preferably made of a material 
having an elastic modulus generally similar to 
that for bone. 

The elements are intended to be in direct 
contact with the bone material without the inter- 
vention of gap-filling medium, but the individual 
contribution of any one element to the overall 
resultant anchorage can be enhanced in various 
ways. For example, the elements can be 
roughened, barbed or otherwise formed to act 
mechanically against subsequent movement 
relative to the bone. Also, the elements can be 
treated or formed to induce or accommodate 
growth of bone into intimate contact therewith. In 
one form of the invention for this purpose, the 
elements are employed covered with or incor- 
porate material such as hydroxyapatite beneficial 
to bone growth as a substrate, nutrient or 
protection. In another such form of the invention, 
the elements are covered with or incorporate a 
material having negative electrochemical 
potential with respect to other parts of the device 
to induce natural growth towards the elements. 
These two forms of the invention can be 
combined if the added material gives rise to 
cathodic dissolution products beneficial to bone 
growth, or if the cathodic dissolution pro- 
gressively releases, or exposes for release, 
additional material incorporated therewith. 

In practice the elements can be provided with a 
uniform length equating with the maximum Hkely 
to be needed, with this length being shortened 
selectively by the surgeon as required in indi- 
vidual situations. Alternatively, a range of lengths 
can be supplied by the manufacturer. 

Also in practice it is appropriate to provide the 
elements with enlargements at. one end for 
captive locking under compression between two 
parts of the related device with the free ends of 
the elements penetrating the bone. 

Another preferred feature of the invention is 
that the part of the device to be located against 
the bone which the elements penetrate should 
have a flanged formation projecting therefrom to 
engage a corresponding slot formation cut in the 
bone, these formations being multi-directional. 
More particularly, it is further preferred at present 
that this formation on the device should comprise 
flange portions radiating from the central region 
of the bone-engaging part towards the periphery 
thereof to transfer shear force loads towards the 
bone cortex, which last can suitably be embraced 
by a peripheral annular flange portion. 

The invention as so far described Is clarified, by 
way of example, with reference to one 



embodiment thereof illustrated in the 
accompanying drawings in which:— 

Figures 1 and 2 respectively illustrate one part 
of the embodiment in partially sectioned side 
5 view and inverted plan view. 

Figure 3 illustrates in cross-sectional view 
another such part, and 

Figure 4 illustrates these two parts in use with 
other parts and the associated filamentary 
w elements. 

The embodiment of the drawings is a femoral 
component for use in the hip joint as a hemi- 
arthroplasty in replacement of the natural femoral 
head, or in that joint as part of a total arthroplasty 
is additionally involving an acetabular component 
replacing the associated natural pelvic socket in 
which the head articulates. 

The component part in Figure 1 is denoted 10 
and comprises a plate 11 of disc form having a 
20 shaft 12 projecting coaxially from one side 
thereof. This shaft is formed with a key, spline or 
similar anti-rotation formation at 13 towards its 
base and is also externally threaded at 14 towards 
its free end. 

25 On its other side the plate has a flange 
formation projecting axially therefrom, this 
formation including a peripherally and concen- 
trically located outer annular skirt 15, a centrally 
and concentrically located inner annular skirt 16, 

30 and a plurality of radially interconnecting webs 
17. 

Lastly, the part 10 has a plurality of apertures 1 8 
passing axially therethrough between the skirts 
and webs, each such aperture opening into a 

35 hemispherically countersunk recess 1 9 in the one 
side of the plate. 

The component part of Figure 3 is denoted 20 
and comprises an annular body 21 which con- 
verges over its length, which length corresponds 

40 to that of shaft 12, through a curved portion 22 at 
the wider end to a terminal conical taper 23 at the 
narrow end. 

The wider end of the body is of corresponding 
shape to plate 11 and has a plurality of hemi- 

45 spherical recesses 24 corresponding in diameter 
and distribution to recesses 19. The central 
passageway of the body is formed with a keyway, 
spline or other formation at 25 towards the wider 
end in complementary manner to that at 13 on the 

so shaft 12 to engage non-rotatably thereon with the 
recesses 19 and 24 superimposed, and the 
passageway is counterbored at 26 at the narrow 
end of the body. 
Figure 4 illustrates remaining parts of the 

55 component The parts in question comprise a nut 
30 to engage the thread 14 of shaft 12 and seat in 
the counterbore 26 of body 21, a ball 40 having a 
conically tapered bore 41 partway therethrough 
to engage the taper 23 of body 21, and a plurality 

so of filamentary elements 50 sized to pass through 
apertures 18 and having spherical enlargements 
51 at one end complementary with recesses 19 
and 24. 

Use of the component is also shown by Figure 
65 4. The femoral head of a femur indicated in partial 
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outline at 60 is excised through the neck to 
receive component part 10 thereover. The flange 
formation of this part engages the bone, comple- 
mentary siots having been cut in the fatter to 
receive the webs 17 and the inner skirt impacting 
into the upper end of the medulla. 

The filamentary elements 50 are then driven 
through respective apertures 18 into the can- 
cellous bone, the terminal enlargements 51 
seating in the recesses 19. The elements are 
driven in varying directions, suitably to follow the 
general trabecular pattern in the bone, the 
elements being selectively sized to avoid emer- 
gence through the bone cortex. 

Thereafter the component part 20 is engaged 
over and keyed with the part 10 to seat its 
recesses 24 over the enlargements 51, this sub- 
assembly is secured by the nut 30, and the ball 40 
is engaged on the part 20 by interference fit 
between the respective mutually complementary 
tapers 41 and 23. 

The filamentary elements can number between 
five and thirty, and suitably vary between 3 and 15 
cm in length and 0.25 and 2-0 mm in diameter. 
Regarding materials: the elements are suitably of 
surface sintered high tensile titanium wire with 
titanium heads welded thereon, the component 
parts 10 and 20 are suitably of a cast chromium- 
cobalt alloy, the nut can be of similar metal to the 
last parts but with a polyethylene linear to lock the 
same, and the ball is suitably of a ceramic. 

While the invention has just been described 
with more particular reference to the illustrated 
embodiment, it is variable in different ways. 

Application is, of course, not confined to a 
femoral component. However this example is apt 
insofar as such components are the longest 
established and still most widely used in routine 
orthopaedic practice involving an endo- 
prosthesis. In addition femoral components in 
common current usage typify the difficulties first 
discussed above. 

Also, the materials suitable for use with the 
invention can vary from those indicated for the 
embodiment and can include other metals, and 
synthetic and composite materials. Carbon 
composite material, such as carbon-reinforced 
carbon fibre form, is thought particularly suitable 
for the penetrating elements because the elastic 
modulus can be similar to that for bone and a 
selected porosity can be provided. 

The number and distribution of the penetrating 
elements can of course be varied to suit individual 
circumstances. However, it is thought appropriate 
to concentrate these elements medially and 
laterally in relation to the femur, these locations 
being, according to current thinking and under- 
standing, the main load bearing regions within 
the femur. Moreover, because these regions are 
considered to be respectively subject to 
compressive and tensile load forces, the elements 
may be correspondingly of different forms to 
better take account of these forces. 

The shape of the disc form plate can vary 
between circular and substantially elliptical to suit 



the direction of the cut made to excise the femoral 
head. In nature, apart from differences in overall 
bone size, the femoral neck has a cross-sectional 
shape which progresses from circular just below 

s the head to elliptical towards the greater 
trochanter. Thus provision of a range of shapes as 
above will be appropriate to suit variation of cut 
direction by the surgeon and some of this range 
can be associated with a shaft which is slightly 

io inclined from an axial disposition to allow for a 
slightly oblique cut. However, it is expected that 
further development of the invention will deter- 
mine optimum excision geometry whereby a 
requirement for undue variation in component 

is geometry is avoided. 

A further alternative which may well be found 
to be preferable is to form the distal surface of the 
plate, i.e. that surface which is in a position with 
the cut surface of the femoral head, as part of a 

20 sphere such that all points of contact between 
plate surface and bone are equidistant from the 
centre of the prosthetic femoral head. Further- 
more the radius of the sphere will be equal to the 
distance between the centre of the prosthetic 

25 head and the plate to bone interface. By this 
configuration It is predicted that with the 
exception of frictional forces arising from the 
interface between the prosthetic femoral head 
and the acetabular component all forces passing 

30 through the femoral neck will pass through the 
plate to bone interface perpendicular to the 
interface thus minimising or avoiding shear 
forces on this interface. 
It may also be advantageous to provide a range 

35 of separate peripheral skirt members for the 
proposed femoral component, such members 
being intended to clip in place. These members 
will serve to provide a smooth surface to abut 
with adjacent muscles and other parts of the 

40 natural capsule of the hip joint, and offer a choice 
of depth to suit the requirements of individual 
patients in this respect 

In yet another variation, the radial flanges can 
be extended to penetrate the bone further and, in 

45 fact act as the main anchorage for the 
component In this case the flanges are, as noted 
for the filamentary elements, preferably matched 
to bone in respect of elastic modulus, and addi- 
tionally formed to promote in-growth. Indeed, 

so these last features can be suitably increased in 
effect towards the free ends of the flanges. 

Lastly, as an indication of the powers of secure- 
ment afforded by the presently proposed tech- 
nique: a simplified form of the illustrated 

55 embodiment has been made without flanges and 
secured to the femoral neck of a glycerine 
embalmed femur with 12 filaments each no 
longer than 4 cm. This mock-up was tested on an 
instron or other compression loading machine at 

so loads of up to 454 kg (1000 lb) without evident 
deformation either visually or as judged by 
comparison of pre- and post-stress X-rays. 

Claims 

65 1. An endoprosthetic bone joint device 
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comprising a multiplicity of filamentary elements 
(50) drivable through a part (10) of the device into 
penetrating engagement with a bone (60) to 
secure the part (10) thereto. 

2. A device according to Claim 1 wherein said 
elements (50) exhibit transverse flexibility. 

3. A device according to Claim 2 wherein said 
elements (50) have an elastic modulus simitar to 
that of bone. 

4. A device according to Claim 1, 2 or 3 wherein 
said elements (50) are roughened, barbed or 
otherwise formed to act against movement 
relative to bone when penetrated thereinto. 

5. A device according to any preceding claim 
wherein said elements (50) are treated or formed 
to induce or accommodate growth of bone into 
intimate contact therewith. 

6. A device according to Claim 5 wherein said 
elements (50) are covered with or incorporate 
material beneficial as a substrate, nutrient or 
protection for bone growth. 

7. A device according to Claim 5 or 6 wherein 
said elements (50) are covered with or incor- 
porate material having a negative electrochemical 
potential with respect to other parts of the device. 

8. A device according to any preceding claim 
wherein said elements (50) each have an enlarge- 
ment (51) at one end thereof captively lockable 
between two parts (10, 20) of the device. 

9. A device according to Claim 8 wherein one 

(10) of said parts (10, 20} has a plate form portion 

(11) having distributed thereover a plurality of 
transverse passageways (18) to receive 
individually therethrough said elements (50) and 
countersunk (19) on one side of said portion to 
seat said enlargements (51 ), and the other (20) of 
said parts has a surface complementary with said 
one side and formed with a plurality of recesses 
(24) in corresponding distribution to said 
passageways (18) to seat individually said 
enlargements (51) therein, said two parts (10, 20) 
being securable together with said passageways 
(18) and recesses (24) superposed. 

10. A device according to any preceding claim 
wherein the first-mentioned part (10) thereof has 
a bone-engaging surface with a multi-directional 
flange formation (15, 16, 171 projecting therefrom 
to engage a corresponding formation cut in bone 
(60). 

. 11. A device according to Claim 10 wherein said 
flange formation comprises a plurality of flange 
portions (17) radiating from a central region of 
said surface towards the periphery thereof. 

1 2. A device according to Claim 1 1 comprising a 
peripheral annular flange portion (15) to embrace 
bone engaged by said radiating portions (17). 

13. A device according to any preceding claim 
wherein said elements (50) number five to thirty. 

14. A device according to any preceding claim 
wherein said elements (50) each have a length in 
the range 3 to 15 cm. 

15. A device according to any preceding claim 
wherein said elements (50) each have a diameter 
in the range 0.25 to 2.0 mm. 

16. A device according to Claim 9 wherein the 



plate form portion (11) is provided with a part 
spherical surface to interface with the bone (60). 

Revendications 

5 

1. Endoprothese d'articulation comprenant plu- 
sieurs elements filamentaires (50) pouvant etre 
introduits a travers une partie (10) du dispositif 
d'articulation pour penetrer et se fixer dans un os 

w (60) pour y fixer la partie (10) de prothese. 

2. Endoprothese selon la revendication 1, dans 
laqueile lesdits elements (50) presentent de la 
flexibility transversale. 

3. Endoprothese selon la revendication 2, dans 
is laqueile lesdits elements (50) ont un module 

d'elasticite semblable a celui de l'os. 

4. Endoprothese selon la revendication 1, 2 ou 
3, dans laqueile lesdits elements (50) sont rendus 
rugueux, munis de barbes ou formes autrement 

20 de maniere a agir contre un mouvement relatif 
par rapport a l'os quand ils y sont fixes par 
penetration. 

5. Endoprothese selon Tune quelconque des 
revendications precedentes, dans laqueile lesdits 

25 elements (50) sont traites ou formes de maniere a 
induire ou accepter la croissance de l'os avec 
lequel ils sont en contact intime. 

6. Endoprothese selon la revendication 5, dans 
laqueile lesdits elements sont recouverts d'une 

30 matiere b6n6fique a titre de substrat, de matiere 
nutritive ou de protection pour la croissance de 
l'os, ou incorporent une telle matiere. 

7. Endoprothese selon la revendication 5 ou 6, 
dans laqueile lesdits elements (50) sont re- 

35 couverts d'une matiere ayant un potentiel electro- 
chimique negatif par rapport aux autres parties de 
la prothese, ou bien ces elements incorporent une 
telle matiere. 

8. Endoprothese selon Tune quelconque des 
40 revendications precedentes, dans laqueile lesdits 

elements (50) ont chacun une partie Slargie (51) a 
une de leurs extremites pouvant etre verrouillee 
en etant emprisonnee entre deux parties (10, 20) 
de la prothese. 

45 9. Endoprothese selon la revendication 8, dans 
laqueile I'une (10) desdites parties (10, 20) com- 
porte une partie (11) en forme de plateau dans 
lequel sont distribues plusieurs passages (18) 
transversaux destines a laisser individuellement 

so passer lesdits elements (50) et comportant d'un 
cdt6 de cette partie un fraisage (19) destine a 
constituer la siege desdites parties elargies (51 ) et 
dont I'autre (20) des parties presente une surface 
complementaire de ce cote et comporte plusieurs 

65 creux (24) dont la distribution correspond auxdits 
passages (18) pour constituer le siege individual 
desdites parties elargies (51), ces deux parties (10, 
20) pouvant etre fixees ensemble avec super- 
position desdits passages (18) et desdits creux 

so (24). 

10. Endoprothese selon I'une quelconque des 
revendications precedentes, dans laqueile la par- 
tie (10) mentionnee en premier lieu comporte une 
surface venant au contact de l'os et presentant 
65 une formation de type rebords (15, 16, 17) multi- 
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directionnels qui en fait saillie pour venir au 
contact d'une formation correspondante 
decouple dans I'os (60). 

11. Endoprothese selon la revendication 10, 
dans laquelle cette formation de type rebords 
comprend plusieurs rebords (17) rayonnant d'une 
partie centrale de cette surface vers sa periphirie. 

12. Endoprothese selon la revendication 11, 
comprenant un rebord annulaire peYiphSrique 
(15) destin6 a entourer I'os avec lequel lesdites 
parties rayonnantes (17) viennent en contact 

13. Endoprothese selon I'une quelconque des 
revendications precedentes, dans laquelle lesdits 
elements (50) sont au nombre de cinq a trente. 

14. Endoprothese selon I'une quelconque des 
revendications precedentes, dans laquelle lesdits 
elements (50) ont chacun une longueur comprise 
entre 3 et 15 cm. 

15. Endoprothese selon I'une quelconque des 
revendications precedentes, dans laquelle lesdits 
elements (50) ont chacun un diametre compris 
entre 0,25 et 2,0 mm. 

16. Endoprothese selon la revendication 9, dans 
laquelle la partie (11) en forme de. plateau com- 
porte une surface partiellement spherique des- 
tinee a consthuer I'interface avec I'os (60). 

Patentanspruche 

1. Gelenkendoprothese mit einer Vielzahl 
fadenformiger Elemente (50), die durch einen Teil 
(10) der Prothese mit einem Knochen (60) in 
eindringende Verbindung gebracht werden, um 
den Teil (10)"daran zu befestigen. 

2. Gelenkendoprothesa nach Anspruch 1, 
dadurch gekennzeichnet, daB die Elemente (50) 
eine transversale Flexibilitat besitzen. 

3. Gelenkendoprothese nach Anspruch 2, 
dadurch gekennzeichnet, daB die Elemente (50) 
einen Elastizrtatsmodul besitzen, der dem des 
Knochens entspricht 

4. Gelenkendoprothese nach Anspruch 1, 2 
Oder 3, dadurch gekennzeichnet, daB die 
Elemente (50) angerauht, mit Widerhaken 
versehen, Oder anderweitig ausgebildet sind, um 
gegen eine relativ zum Knochen wirkende Be- 
wegung zu agieren, wenn sie darin eindringen. 

5. Gelenkendoprothese nach irgendeinem der 
vorstehenden Anspruche, dadurch gekenn- 
zeichnet, daB die Elemente (50) behandelt oder 
ausgebildet sind, um ein Wachstum des 
Knochens in innigem Knotakt damit zu induzieren 
bzw. aufzunehmen. 

6. Gelenkendoprothese nach Anspruch 5, 
dadurch gekennzeichnet, daB die Elemente (50) 
mit einem Material bedeckt sind oder dieses 
aufweisen, das als Substrat oder Nahrmittel fur 
das Knochenwachstum dient 

7. Gelenkendoprothese nach Anspruch 5 oder 
6, dadurch gekennzeichnet, daB die Elemente (50) 
mit einem Material uberzogen sind oder dieses 
aufweisen, das ein negatives elektrochemisches 



Potential in Bezug zu den anderen Teilen der 
Prothese aufweist 

8. Gelenkendoprothese nach irgendeinem der 
vorstehenden Anspruche, dadurch gekenn- 

5 zeichnet daB die Elemente (50) jeweils eine 
VergroSerung (51) an ihrem einen Ende au- 
fweisen, das zwischen den beiden Teilen (10, 20) 
der Prothese unverlierbar befestigt ist 

9. Gelenkendoprothese nach Anspruch 8, 
io dadurch gekennzeichnet, daB eines (10) der Teile 

(10, 20) einen plattenfdrmigen Tail (11) besitzt, 
uber dessen Flache eine Vielzahl transversaler 
Durchtrittsoffnungen (18) verteilt ist, um durch 
diese einzeln die genannten Elemente (50) und 

is eine Senkschraube (19) auf der einen Seite des 
Teils aufzunehmen, um die VergroBerung (51) zu 
befestigen, wobei das andere (20) der Teile eine 
Flache besitzt, die komplentar zu der genannten 
einen Seite und mit einer Vielzahl von Aus- 

20 nehmungen (24) in korrespondierender Ver- 
teilung zu den Durchtrittsoffnungen (18) geformt 
ist, um die VergrdBerungen (51) darin einzeln 
aufzunehmen bzw. zu befestigen, wobei die 
beiden Teile (10, 20) mit den Durchtrittsoffnungen 

25 (18) und den daruber liegenden Ausnehmungen 
(24) miteinander zu befestigen. 

10. Gelenkendoprothese nach irgendeinem der 
vorstehenden Anspruche, dadurch gekenn- 
zeichnet, daB der ersterwahnte Teil (10) eine den 

30 Knochen beruhrende Flache mit einer mehrfach 
ausgerichteten Flanschformation (15, 16, 17) be- 
sitzt, die daraus hervorragt, um mit einer 
entsprechenden Formation in Eingriff zu treten, 
die in den Knochen (60) hineingeschnitten ist 

35 11. Gelenkendoprothese nach Anspruch 10, 
dadurch gekennzeichnet, daB die Flansch- 
formation eine Vielzahl an Flanschteilen (17) 
umfaBt, die aus dem mittigen Bereich der Flache 
in Richtung des AuBenumfangs hinaus veriaufen. 

40 12. Gelenkendoprothese nach Anspruch 11, 
dadurch gekennzeichnet daB ein umfangs- 
maBiger Ringflanschteil (15) den Knochen 
umgrerft, wetcher mit den hinausverlaufenden 
Teilen (17) in Eingriff steht 

45 13. Gelenkendoprothese nach irgendeinem der 
vorstehenden Anspruche 1 bis 12, dadurch 
gekennzeichnet, daB die Elemente (50) in ihrer 
Anzahl 5 bis 30 betragen. 

14. Gelenkendoprothese nach irgendeinem der 
so vorstehenden Anspruche, dadurch gekenn- 
zeichnet, daB die Elemente (50) jeweils eine 
Lange im Bereich von 3 bis 15 cm aufweisen. 

15. Gelenkendoprothese nach irgendeinem der 
vorstehenden Anspruche, dadurch gekenn- 

55 zeichnet, daB die Elemente (50) jeweils einen 
Durchmesser im Bereich von 0,25 bis 2,0 mm 
aufweisen. 

16. Gelenkendoprothese nach Anspruch 9, 
dadurch gekennzeichnet, daB der plattenformige 

so Teil (11) mit einer teilweise spharischen Flache 
versehen ist um eine Grenzflache mit dem 
Knochen (60) zu bilden. 
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